Introduction: This paper reports on the medium-term mean 2-year prospective follow-up of a patient cohort of 35 unselected elderly patients with mean age of 65 years who visited our tertiary referral pain center for painful adhesive capsulitis of the shoulder managed with lowlevel laser therapy (LLLT). Materials and methods: All patients in this prospective cohort study had documentation of the diagnosis by contrast-enhanced magnetic resonance imaging before study entry and all had failed to respond to a combination of conventional physical therapy and nonsteroidal anti-inflammatory medications for not fewer than 4 weeks. LLLT, at a wavelength of 810 nm emitted from a GaAIAs semiconductor laser device with 5.4 J per point and a power density of 20 mW/cm 2 , was employed to irradiate six predetermined anatomic points and two acupuncture points. The treatment regimen consisted of three sessions of treatment per week for 8 consecutive weeks. Each treatment session lasted 180 seconds. Serial clinical assessment was undertaken using the Constant-Murley shoulder score. Results: A total of 50 painful shoulder joints were treated, as a number of elderly presented with bilateral symptoms. All but four painful shoulders showed significant improvement in Constant-Murley shoulder score at the end of 8-weeks' LLLT treatment and, surprisingly, the improvement was found maintained at follow-up assessments at 1 year and 2 years. Conclusion: We conclude that LLLT is a viable option in the conservative treatment of shoulder pain arising from adhesive capsulitis of the shoulder in the elderly, with a positive clinical result of more than 90% and with clinical efficacy both in the short-term and the medium-term.
Introduction
The significance of low-level laser in clinical medicine began with the important works of Endre Mester. The basic science underlying low-level laser therapy (LLLT) is that it involves the treatment of various medical diseases with photomedicine and the use of low-level lasers or light-emitting diodes to alter cellular function, or, in short, the employment of photo-biomodulation effects to help normalize cellular functions, including the energy usage of body cells.
In recent years, the various clinical applications of LLLT have mainly been based on previous scientific works concerning the effect of low-level lasers, such as increasing adenosine triphosphate production, 1 while, at the same time, the exertion of a positive influence on fibroblast 2 and collagen synthesis 3 at the cellular-molecular level. Clinical protocols exist for LLLT in the management of common painful conditions such as rheumatoid arthritis, osteoarthritis, acute and chronic neck pain, tendinopathy, and chronic joint disorders.
As far as adhesive capsulitis of the shoulder in the elderly is concerned, most clinicians use a combination of nonsteroidal anti-inflammatory medications and conventional physical therapy consisting of ultrasonic therapy, transcutaneous electrical therapy, and short-wave therapy, for management. These forms of conservative treatment represent symptomatic treatment only, without the biomodulation effects offered by low-level lasers; for instance, ultrasound treatment affords neither anti-inflammatory nor biomodulation effects at the cellular-molecular level. This is in sharp contrast to LLLT, which confers the mentioned biomodulation effects.
The objective of this paper is to report the clinical result of a study on the efficacy of LLLT in the management of the early phase of symptomatic adhesive capsulitis of the shoulder in elderly who failed to respond to the combined use of conventional physical therapy and nonsteroidal antiinflammatory medications for not fewer than 4 weeks. In this study, we investigated the clinical effect of the combined irradiation of strategic anatomic points of pathology in adhesive capsulitis as well as acupuncture points, which, to the best of our knowledge, has not been reported in the literature to date.
We stress that patients presenting late, after 6 weeks of disease onset, were excluded to guard against the possibility that whatever positive clinical result obtained from the use of LLLT could have been due to spontaneous disease resolution.
Published medical literature exists concerning clinical studies of the effect of LLLT on frozen shoulder that were positive, albeit being short-lived. [4] [5] [6] Prior to the start of the present study, we researched the irradiation of two acupuncture points -namely, Bingfeng and Tianzong -in addition to the laser irradiation, at a wavelength of 810 nm, of six preselected points that are commonly abnormal on magnetic resonance imaging studies in patients with adhesive capsulitis. We found long-lasting clinical results, particularly with regard to improvement in range of motion; much longer, in fact, than that previously reported in the literature. This forms the rationale of this clinical study and forms the rationale as to why we followed up the patients for a mean of 2 years.
Materials and methods
The study population consisted of a prospective cohort of consecutive unselected 35 elderly patients with mean age of 65 (range: 60-77) years being referred to our tertiary referral pain center within 6 weeks of onset of symptoms and previously having failed response to a combination of nonsteroidal anti-inflammatory medications and not fewer than 4 weeks of conventional physical therapy. Contrast-enhanced magnetic resonance imaging was performed in each patient prior to entry to the study to confirm the typical appearances in the axillary pouch, rotator interval, biceps anchor, and anteroposterior capsule 7 to confirm the diagnosis and ensure there was no other concomitant pathology such as rotator-cuff tear. Exclusion criteria included patients presenting late after 6 weeks of disease onset; patients who had concomitant other shoulder pathologies on magnetic resonance imaging; patients with prior shoulder operations; and patients who had potential contraindications for the use of laser treatment, such as previous history of tumor or ongoing sepsis. We also excluded patients with previous neuromuscular conditions of the affected upper extremity, such as a previous cerebrovascular accident. All patients signed informed consent detailing that they would be treated by LLLT and that only US Food and Drug Administration-approved devices would be used.
Each subject was clinically examined and followed up by the same orthopedic surgeon to minimize interobserver error. All the low-level laser pain treatments were also performed by the same orthopedic surgeon, and all the serial shoulder scoring was done by the patient with the assistance of the same orthopedic surgeon. During the initial visit, extra care was taken to document the shoulder range of motion, presence of neurological deficit, sites of tenderness, and overall upper extremity function. We employed the well-known Constant-Murley score, 8 a 100-point scale composed of a number of individual parameters, to assess the patient's level of pain and ability to carry out normal daily activities. The test is divided into four subscales: pain (15 points); activities of daily living (20 points); strength (25 points); and range of motion: forward elevation, external rotation, abduction, and internal rotation of the shoulder (40 points) -the higher the score, the higher the quality of the function.
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lllT for elderly with painful adhesive capsulitis of the shoulder the small intestine meridian in the field of Chinese medicine. Protective laser eye goggles were provided to both the patient and the clinician. We did not add on any other conventional therapy during each treatment session, as all the subjects had had these therapeutic interventions before but had failed to respond. Further, no medications were prescribed to the subjects under study, as none of the patients had responded to oral anti-inflammatory agents provided by other clinicians before receiving treatment at our tertiary referral pain center. The only rehabilitation exercises were the home exercises already taught to patients by other physiotherapy centers prior to patients' entry to the study. Therefore, essentially all subjects in the current study received only LLLT as really the sole therapy. Figure 3 shows a patient in receipt of irradiation of an acupuncture point.
Results
In this study of 35 elderly patients and 50 painful and stiff shoulders affected by painful adhesive capsulitis, the male to female ratio was 1.0:1.3 and the right shoulder was affected in 60% of cases. The study period lasted from 2011 to the end of 2014.
All 35 subjects in the study population completed the treatment regimen with good compliance; there were no defaults. No side effect or any patient discomfort was documented during all treatments. Only four painful shoulders among the 50 shoulders failed to positively respond to laser treatment, with no improvement in Constant-Murley score, and eventually required arthroscopic surgery. Table 1 details the relevant demographics of the patient population together with the serial pre-and posttreatment shoulder scores. Figure 4 shows the relative breakdown of the mean value of the constant subscores pre-and posttreatment as well as at 2-year follow-up, including the range of motion subscale. In the graph, one can notice that LLLT treatment had a positive clinical effect on range of motion, level of pain, and activities of daily living but had no effect on the strength of the elderly patients.
Apart from the four shoulders of two patients who did not show clinical response to LLLT and required surgery, there was a statistically significant improvement in the constant score in the remaining 46 shoulders, from a mean score of 59 at the start of the study (range: 57-62), with standard deviation of 1.1 to a mean score of 71 at the end of treatment The mean clinical follow-up of this patient cohort was 2 years (range: 1.5-2.5 years). A reasonably long follow-up was required to reveal whether the LLLT modality alone could provide any lasting benefits in patients, as well as any incipient side effects. In this study, no side effect was observed at the 2-year mark, and all patients tolerated the cold laser therapy very well.
Discussion
Over the past years, more than 100 double-blind placebocontrolled studies have been published on the effects of LLLT. These articles also showed the favorable anti-inflammatory effect of LLLT.
11 Low-level lasers may reduce pain related to inflammation by lowering, in a dose-dependent manner, levels of prostaglandin E2, prostaglandin-endoperoxide synthase 2, interleukin 1-beta, tumor necrosis factor-alpha, the cellular influx of neutrophil granulocytes, oxidative stress, and tissue edema. The appropriate dose appears to be between 0.3 and 19.0 J/cm 2 .
11
Unlike traditional laser devices, innumerous clinical studies have shown that low-level lasers are safe and lack side effects, unlike, for example, the lasers used for cosmetic surgery, in which thermal injury to the skin is not an uncommon side effect. The current study employed an 810 nm wavelength laser and we irradiated six important anatomic points around the shoulder region relevant to the shoulder pathology at hand. Additionally, we irradiated the Bingfeng and Tianzong acupuncture points to produce additive effects, especially range of motion improvement, since previous studies of LLLT on adhesive capsulitis did not consistently achieve an improved range of motion despite achieving pain relief. 2 The total application time of all irradiation, 180 seconds, was well tolerated, even by patients of advanced age. There was absolutely no need for any anesthesia of any kind, since the laser application was noninvasive and painless.
The majority of previous clinical studies of LLLT concentrated more on shoulder impingement syndrome 12 than on frozen shoulder, but the reported positive effects appeared only short-lived, 13 as claimed by a recent Cochrane systematic review, and there is a complete lack of medium-term clinical follow-up studies on the subject in the medical literature. To add to this, studies that have investigated shoulder pain in general, without pinpointing a particular diagnosis, have, in fact, looked at an admixture of different shoulder disorders, therefore it is precarious to draw any conclusions from them. For instance, in many clinical studies, the researchers relied solely on a clinical diagnosis without confirmation by magnetic resonance imaging. Magnetic resonance imaging Female, 64  Right  61  72  72  Male, 73  Right  57  71  70  left  58  72  72  Female, 68  left  60  70  69  Male, 77  Right  57  71  70  left  57  71  70  Female, 66  left  60  70  70  Female, 66  Right  59  69  69  left  59  70 Right  57  73  72  left  58  72  72  Male, 65  Right  62  73  72  Female, 65  Right  60  70  70  left  58  68  68  Female, 62  Right  60  71  71  left  60  71  71  Male, 63  Right  59  69  69  Female, 61  Right  62  71  72  Male, 64  Right  60  70  70  left  59  69  69  Male, 62  Right  61  71  70  Female, 65  Right  59  69  69  left  59  70  69  Female, 66  Right  57  72  71  Female, 68  Right  57  73  72  left  58  72  72  Male, 72  Right  57  57  surgery done  left  58  58  surgery done  Female, 67  Right  58  72  72  Male, 70  Right  57  72  70  Female, 68  Right  58  70  70  left  60  72  72  Male, 61  left  58  70  70  Female, 60  Right  59  69  69  Male, 63  Right  57  72  72  left  58  73  72  Female, 60  Right  60  70  70  Male, 61  Right  59  69  69  Female, 60  left  61  72  71 Abbreviation: RX, prescription.
(range: 68-73), with standard deviation of 1. 
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lllT for elderly with painful adhesive capsulitis of the shoulder is imperative to rule out other possible shoulder pathologies, besides confirming the clinical diagnosis beyond an element of doubt. In summary, we chose LLLT owing to its lack of side effects, while being noninvasive and well tolerated by the elderly. By contrast, traditional methods of treatment for painful shoulders of the elderly caused by adhesive capsulitis involve nonsteroidal anti-inflammatory agents as well as conventional physiotherapy, such as ultrasound therapy and electrical stimulation therapy. None of these therapies has the biomodulation effects offered by LLLT, such as improvement in microcirculation or the upregulation of several genes involved in energy metabolism and oxidative phosphorylation, which stimulates an increase in adenosine triphosphate production, which in turn regulates other cellular processes, leading to the normalization of biological functions at the cellular level. For instance, therapeutic ultrasound devices do not even have anti-inflammatory effects let alone any biomodulation effects. 14 In general, for any conservative treatment of adhesive capsulitis to be meaningful, the treatment modality must have lasting effects and benefits for the patient, rather than providing only transient pain relief, such as the administration of painkillers does. We are not aware of any clinical study reporting on the medium-term efficacy of LLLT in the management of shoulder adhesive capsulitis. In the study reported here, LLLT showed evidence of lasting benefit and represents a viable option to choose rather than surgery, particularly in the elderly population, in whom concomitant medical comorbidities may well increase the risk of surgery.
Limitations and future directions
This study lacked a control group, which represents a weakness and is acknowledged as such. A control group was not included, as the majority of patients do not give consent to the idea of a sham laser light source. The fact that the patient population included subjects who failed to respond to a combination of conventional physical therapy and nonsteroidal anti-inflammatory medications but responded positively to LLLT warrants further large-scale double-blind placebo-controlled studies to further confirm the clinical results of this study, provided lasers of similar wavelength, power density, and application time, and the six points of application are the same, together with the two additional acupuncture points of Bingfeng and Tianzong to make any clinical results comparable.
Conclusion
The current prospective review of a patient cohort of 35 elderly patients with documented symptomatic adhesive capsulitis of 50 painful shoulders showed a significant positive clinical response in patients, as evidenced by the marked improvement in their Constant-Murley scores, not only in the short-term but also in the medium-term, as the mean clinical follow-up in this prospective study was 2 years.
Further large-scale studies are worthwhile to further explore the use of LLLT, not only in the treatment of adhesive capsulitis but also in other painful shoulder conditions, such as partial rotator-cuff tears. 
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